Abstract: This paper aims to test the adaptive market hypothesis in the two main Vietnamese stock exchanges, namely Ho Chi Minh City Stock Exchange (HSX) and Hanoi Stock Exchange (HNX), by measuring the relationship between current stock returns and historical stock returns. In particular, the tests employed are the automatic variance ratio test ("AVR"), the automatic portmanteau test ("AP"), the generalized spectral test ("GS"), and the time-varying autoregressive (TV-AR) approach. The empirical results validate the adaptive market hypothesis in the Vietnamese stock market. Furthermore, the results suggest that the evolution of HSX has served as an important factor of the adaptive market hypothesis.
Introduction
Efficient market hypothesis (EMH), proposed by Fama (1970) , despite being well known and influential in finance theory and practice, is still controversial in the predictability of stock market return. A strong and still rising school of theory, behavioral finance, is one of the strongest opponents against the arguments of EMH. The core question to this debate is whether stock market movements are predictable. The idea for the adaptive market hypothesis (AMH) stemmed from the reasoning of Lo (2004) , which claimed much of evidence of an investor's irrationality (e.g., loss aversion, overconfidence, overreaction) is, in fact, consistent with the evolutionary model of human behaviors. Such an evolutionary model indicates that humans adaptation to the ever-changing surroundings is a result of their continuous perception and learning of the latter. This evolutionary model is further developed into the adaptive market hypothesis (Lo 2004) . Lo (2005) states "Based on evolutionary principles, the adaptive market hypothesis implies that the degree of market efficiency is related to environmental factors characterizing market ecologies such as the number of competitors in the market, the magnitude of profit opportunities available, and the adaptability of the market participants." The key point for AMH to be the harmonization of EMH and BF is investor's ability to learn and to adapt to the market's updated situation, as a result, financial markets can be wrong from time to time, but they learned, evolved to be right, until the next mistake. Cyclical repeats of market inefficiency are the sign of adaptation, according to AMH. Since its emergence, the AMH theory has drawn significant attention from academic researchers.
Papers Discussing Adaptive Market Hypothesis (AMH)
In expansion to Lo's work (2004) , Lim and Brooks (2011) proposed two criteria to test the AMH theory:
•
The market efficiency should be varying through time;
• The market efficiency should be dependent on market conditions (i.e., financial crises, market crashes, stock bubbles, . . . ).
Most of the evidences found in existing literature conclude that the AMH theory describes the fluctuations of stock returns better that the EMH theory. Specifically, interesting findings about overtime changes of market efficiency are clearly seen in the studies of Lim et al. (2006) examining the cases of in developed and emerging countries and Ito and Sugiyama (2009) researching the phenomenon of time-varying autocorrelation of the monthly S&P 500 stock returns. Neely et al. (2009) studied the intertemporal stability of excess returns to technical trading rules in the foreign exchange market by conducting true, out-of-sample tests on previously studied rules. They found that excess returns were genuine in the 1970s and 1980s, but gradually declined in the 1990s. This result was consistent with the AMH framework. Kim et al. (2011) examined the AMH theory by testing the feasibility of stock return forecast, using the daily and weekly Dow Jones Industrial Average (DJIA) stock returns from 1900 to 2009. They discovered that in the case where current stock returns can be accurately predicted using historical prices, the market efficiency is low. Kim employed three autocorrelation tests, which were the variance ratio test, portmanteau test and the generalized spectral (GS) test to measure the significance of the autocorrelation. The results indicate that the autocorrelation significance in the data series fluctuated over time and was dependent on the market conditions. Regarding the market condition dependency, the market is efficient in times of market crashes, however, it is inefficient in times of crises. Smith (2012) tested the AMH theory in 15 stock markets of emerging European countries with those of more developed ones, such as Greece, Portugal, and United England. The variance ratio test is conducted on the time series data from February 2000 to December 2009. The results show that market efficiency changes over time to some extent, which is consistent with the AMH theory. Lim et al. (2013) found that in large US stock indices, the degree of market efficiency expressed volatility over time. The study applies autocorrelation tests on a rolling-window basis. Additionally, the bootstrapping procedure was also used to make conclusions. Their main finding is that the studied market went through multiple periods of efficiency and periods of inefficiency. Urquhart and McGroarty (2014) tested the adaptive market hypothesis through four well-known calendar anomalies in the Dow Jones Industrial Average from 1900 to 2013 using subsample analysis and rolling window analysis. The results showed that all four calendar anomalies support the AMH, with each calendar anomaly's performance varying over time. They concluded that the AMH provides a better explanation for calendar anomalies than the EMH. Hiremath and Kumari (2014) employed linear and non-linear methods to test the cyclical phenomenon in India's stock market. They found that with the linear method the Indian stock market showed a cyclical pattern, while this pattern was not found using the non-linear method.
Besides the statistical tests using the moving window method, another approach is also employed to measure market efficiency, i.e., the time-varying model approach. Ito et al. (2014) applied a non-Bayesian time-varying vector autoregressive (TV-VAR) model to estimate the joint degree of market efficiency. Their results conclude that the international linkages and market efficiency change over time and that market behaviors correspond well to historical events of the international financial system. Ito et al. (2016) applied TV-AR model to test the evolution through time of the U.S. stock market. The main findings show that (i) the U.S. market efficiency changes over time, and (ii) efficiency were violated during recessions, consistent with the assumption of behavioral finance. Noda (2016) tested AMH within the Japanese context, the study employed a time-varying model approach, and concluded that the degree of market efficiency changes over time in the markets (TOPIX and TSE2), the evolving process of the market efficiency varies among stock markets, and the results support the AMH for the more qualified stock market in Japan.
Almost all of the aforementioned papers have the same finding, which is that the AMH theory describes fluctuations in stock prices more accurately than the EMH theory. Using two criteria proposed by Lim and Brooks (2011) , some important aspects needed to take into consideration in this paper are: (1) the evolution through time of market, (2) applicability of AMH in different exchanges and (3) the connection between market efficiency and economic cycle.
Papers Discussing Vietnamese Stock Market Efficiency
The Viet Nam Stock Market (VSM) consists of two stock exchanges: Ho Chi Minh stock exchange (HOSE) and Hanoi Stock Exchange (HNX) and the VSM performs better now than in the pre-World Trade Organization (WTO) period in terms of both initial public offerings (IPOs) and seasoned offerings (Vuong 2018) . Vietnamese stock market, despite having a great opportunity to have an upgraded status from frontier market to emerging market by Morgan Stanley Capital International (MSCI) in the near future, still faces with many potential issues regarding efficiency due to its special characteristics especially in the age of digitization and globalization, listed companies worldwide particularly are facing increasing pressure to innovate, increase productivity and increase competitiveness (Vu et al. 2019) . Efficiency is, therefore, of the utmost importance to firms and markets as well. With 19 years of existence, the market has gone through different phases, from almost inactive in the first 5 years, then a boom and burst in the next 3 years, and unstable status with different ups and downs afterward until the moment when speed is everything: Speed of calculation, the speed of thinking, the speed of failing (Vuong 2019) . There is a constant pressure to keep up the streams of content and investors tend to make decisions based on external information of quotations on the stock market. Apart from that, the number of institutional investors and foreign investors in the Vietnamese stock market is approximately around 1% each, contributing to the strong emotional volatility of the market.
Dong Loc et al. (2010) reviewed developments in the Stock Trading Centre (STC) in Ho Chi Minh City, the precedent of the current HSX to test the weak-form efficiency of the Vietnamese stock market. An important element of the investigation concerns the possible bias of the results caused by the thin trading that characterizes the STC. The main conclusion of this paper is that the STC is not efficient in the weak form. Phan and Zhou (2014) discussed the weak-form efficiency for the Vietnamese stock market. The paper tested the random walk hypothesis for weekly stock market returns employing the autocorrelation test, variance ratio test, and runs test for the period from July 2000 to July 2013. Results have strongly rejected the random walk hypothesis for the whole period and two out of the three cycles of the market. Interestingly, the third cycle alone (from February 2009 to July 2013) provided evidence supporting the random walk hypothesis in the stock index of HSX (VN-Index) showing that the efficiency of the Vietnamese stock market has gradually been improved during nearly 10 years in operation. Cuong and Jian (2014) applied Theory of Planned Behavior (TPB) to explore the impact of factors influencing individuals' investment behavioral intention in the Vietnamese stock market. Results found in this research have supported the hypotheses that an individual investor's investment intention is significantly affected by three factors mentioned in the original TPB model including attitude, subjective norm and perceived behavioral control. The study also found evidence that psychological factors and also gender have a significant impact on the individuals' attitude towards investment. Vo (2015) discussed the role of foreign investors in reducing market volatility using panel data analysis and found evidence supporting this hypothesis. A suggestion for a higher ratio of foreign investor existence was also proposed.
However, there was no paper mentioned AMH for the Vietnamese stock market in the literature the authors have researched, setting up a research gap for further evaluations and evidence of this market's efficiency. Also, in line with the assumption of the varying efficiency from time to time of the AMH, there were signals from the market movements showing that Vietnamese markets might have learned to adapt through time, and became more stable after each period of turmoil, and a test for AMH in the Vietnamese market context shall contribute to answering the question of efficiency.
Methods and Data Sources

Methods
This paper examines the AMH theory in two ways: a battery of autocorrelation tests and a time-varying autoregressive model.
The first battery of tests includes popular serial correlation tests, i.e., the automatic variance ratio (AVR) test, automatic portmanteau (AO) test, the generalized spectral (GS) test. These tests detect the linear and non-linear relationships in a time series, from which a conclusion regarding the validation of the AMH theory can be made.
The second method is involved with the construction of a time-varying autoregressive ("TV-AR") model, i.e., an autoregressive model with the coefficients changing over time. This is a fairly new testing method, which has been introduced in the work of Ito et al. (2014) . This method possesses several advantages over other testing methods.
The details of the methods are presented in the following sections.
Autocorrelation Testing Approach
This paper quantifies the market efficiency through three tests of autocorrelation to examine whether the level of market efficiency significantly changes over time, aiming at evaluating the weak-form efficiency of the stock market. The task usually requires autocorrelation tests. The common understanding is that if time series data exhibit significant autocorrelations, it will be easier to predict the stock returns using historical prices, and the investors will obtain abnormal gains more easily. In other words, the more serially correlated the time series data are, the lower the market efficiency is.
Among popular autocorrelation tests, the paper adopted the following quantitative tests:
The main reason why these tests are utilized is that these tests work on data which suffer from conditional heteroskedasticity, which is a common symptom of financial time series. This is also the case of Vietnamese stock market indices-in fact, a simple plotting (i.e., Figures 1 and 2 
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The main reason why these tests are utilized is that these tests work on data which suffer from conditional heteroskedasticity, which is a common symptom of financial time series. This is also the case of Vietnamese stock market indices-in fact, a simple plotting (i.e., Figures 1 and 2) shows that both VN-INDEX data and HNX-INDEX data exhibit the conditional heteroskedasticity: There is visual evidence of conditional heteroskedasticity in both plots above that the series of returns since volatility clustering can be observed. Particularly, the weeks with large variances in weekly returns cluster in the period from 2006 to 2010 and the weeks with smaller variance clusters in more recent periods. Due to such symptom, the paper opts to the three tests above to analyze this type of data. On a side note, the AVR test and the GS test employ the wild bootstrapping approach, which is most suited for data of small sample size like Vietnamese stock indices.
Each test possesses different statistical characteristics, which can be complementary to one another. The characteristics are as follows:
•
The AVR test, which is modified from the traditional variance ratio test, is the most popular test in the AMH examination. This is the primary testing method of this paper.
The AP test is an asymptotic test, which relies on the squared correlation coefficients. This method eliminates the possibility that the positive correlations and the negative correlations offset one another (Kim et al. 2011 ).
The GS test is an autocorrelation test that can determine the non-linear relationship in the data series. The non-linear relationship in stock data can be recognized (Lim and Brooks 2011 ), yet cannot be detected by popular linear tests such as the AVR test and the AP test.
These tests are conducted with the "vrtest" package in R. Specifically, the test statistics were calculated on the basis of the rolling window method with a fixed 1-year window length. In fact, the window length observably had a minimal effect on the test results according to the work of Kim et al. (2011) . Afterward, the quantitative results were assessed qualitatively to examine the impact of market conditions on the degree of market efficiency.
The details on how to conduct each test are as follows:
The AVR test is developed based on the traditional variance ratio test (Lo and MacKinlay 1988) , which is the most popular test of the random walk theory, according to Hoque et al. (2007) . The test is based on the statistical feature that the variance of k-periods stock returns equals to k times the variance of 1-period stock returns, provided that the stock returns series follows a random walk. The variance ratio is defined to be the weighted sum of correlation coefficients in the stock returns series: There is visual evidence of conditional heteroskedasticity in both plots above that the series of returns since volatility clustering can be observed. Particularly, the weeks with large variances in weekly returns cluster in the period from 2006 to 2010 and the weeks with smaller variance clusters in more recent periods. Due to such symptom, the paper opts to the three tests above to analyze this type of data. On a side note, the AVR test and the GS test employ the wild bootstrapping approach, which is most suited for data of small sample size like Vietnamese stock indices.
The AVR test is developed based on the traditional variance ratio test (Lo and MacKinlay 1988) , which is the most popular test of the random walk theory, according to Hoque et al. (2007) . The test is based on the statistical feature that the variance of k-periods stock returns equals to k times the variance of 1-period stock returns, provided that the stock returns series follows a random walk.
The variance ratio is defined to be the weighted sum of correlation coefficients in the stock returns series:
is the variance of k-period stock returns, σ 2 is the variance of 1-period stock returns. ρ j is the j-degree correlation coefficient. The closer to 1 the VR test statistics are, the better the data series follow a random walk. If the VR test statistics are greater than 1, a positive correlation is concluded, otherwise, if such statistics are less than 1, the series is undergoing a mean reversion. The VR test statistics are estimated as follows:
in whichρ j is an estimate of ρ j . One major setback of this approach is that the value of k is selected based on personal perceptions. In other words, the traditional variance ratio approach is subjective and may provide irreproducible results. Choi (1999) proposed the automatic variance ratio test, which employs the data-oriented method to determine the optimal (k). In the AVR test, Choi assumed that the stock returns series is identical and independently distributed, and claimed that:
However, if the data suffered from conditional heteroskedasticity, the test results may not be reliable, especially when the sample size is small. In particular, the construction of confidence intervals following N(0,1) distribution may not reflect the level of uncertainty in the estimate of k. Accordingly, Kim (2006) proposed an alternative to the normal distribution approach-the wild bootstrapping approach. This approach is proved to be more suitable than the simple residual bootstrapping method in case the data exhibits heteroskedasticity.
•
The Automatic Portmanteau (AP) test
The AP test is a popular tool to detect autocorrelations in time series data. However, one shortcoming of the traditional AP test is that when the time series data suffer from conditional heteroskedasticity, the test statistics may be inaccurate. Accordingly, Lobato et al. (2001) suggested an advanced AP test, which utilizes the following test statistics:
is the estimator for the autocovariance of the time series data of order i, and τ 2 i represents the autocovariance of the squared stock returns. Similar to the selection of k in the traditional VR test, the advanced AP test also suffers from irreproducibility as the selection of lag p is based on personal judgements. In order to fix the problem, Escanciano and Lobato (2009) proposed an automatic data-driven approach which determines the optimal lag p. The test statistics, therefore, can be calculated as follows:
In which, p is the optimal estimator of lag p, determined by Akaike information criterion (AIC) or Bayesian information criterion (BIC). The AP test statistics follow the Chi-squared distribution with one degree of freedom.
The Generalized Spectral (GS) test
The nonlinear correlation, which is ignored in the linear correlation tests such as the AVR test and the AP test, has been commonly detected in the stock returns (Lim and Brooks 2011) . Accordingly, Escanciano and Velasco (2006) proposed the generalized spectral test, which can assess the nonlinear relationship in time series data. This is based on the knowledge that when the stock return follows a general martingale difference sequence, its normalized spectral density function is equal to one at all frequencies. The paper suggests that the test statistics are to be calculated as follows:
The paper also involved the wild bootstrapping method, in which they obtained the p-value of the test. If the p-value corresponding with the test statistics is less than 5%, it can be concluded that the market is inefficient at that point in time.
The Time-Varying Autoregressive (TV-AR) Approach
The time-varying autoregressive model is developed from the simple autoregressive model. The simple autoregressive model has long been used to assess the linear relationship in time series data. However, one major drawback of this model is that the coefficients are fixed, and therefore the simple model cannot handle the time series data with structural breaks, such as stock returns. Ito et al. (2014) introduced the time-varying autoregressive model as a solution for the aforementioned drawback.The detail on how to employ the model in the AMH testing is presented below.
Firstly, the optimal lag order for each series is chosen using the BIC. The optimal lag orders for VN-INDEX and HNX-INDEX are 2 and 1 correspondingly. Subsequently, a regression followingthe TV-AR model is conducted, of which the theoretical framework is elaborated below.
The TV-AR model is presented in the form of an equation system as follows (with the assumption that parameter dynamics restrict the parameters):
x t = α 0 + α 1, t x t−1 + α 2,t x t−2 + · · · + α q,t x t−q + u t (1)
E(u t ) = E u 2 t = E(u t u t−m ) = 0 ∀m E v i,t = E(v 2 i,t ) = E(v i,t v t−m ) = 0 ∀m where x t represents the stock return at time t, α i is the time-varying coefficients, u t and v t are the residuals of the model. (1) and (2) form a system of simultaneous equations for the model.
Denotation of matrices are deployed as follows:
. .
; A t = α 1,t α 2,t · · · α q,t ; I q is an identity matrix of order q.
Equation (1) can be rewritten accordingly:
where X T t−1 , A T t are the transpose of X t−1 , A t correspondingly.
Assign a range of values (from 1 to T) to the parameter t to obtain the following equation:
where O 1 × T is a 1 × T null matrix. Equation (3) can be simplified accordingly:
In a similar manner, Equation (2) can be re-written as:
The following equation is obtained:
Equations (4) and (5) form the equation system of the TV-AR model in the matrix form. It can also be further deducted as below:
The result below is obtained using ordinary least squares (OLS) regression:
The market efficiency is quantified using the following formula, which was used in the work of Noda (2016), a special case of Ito et al. (2014) :
This formula measures the deviation from the zero coefficients of the corresponding time-varying moving average (TV-MA) model to our TV-AR model. Hence, the large deviations of MEt from zero is considered evidence of market inefficiency.
Lastly, the authors also employ the bootstrap procedure to construct the confidence band for ME t . The detail of the bootstrapping steps is elaborated in the work of Noda (2016) . The bootstrap is conducted under the null hypothesis of zero autocorrelations with 2000 iterations.
Data
The primary data used in this paper are the weekly stock returns in HNX and HSX, calculated based on the HNX-INDEX and VN-INDEX correspondingly as below:
where: In general, HSX stock prices were unstable in the first post-creation years, but recently, such variations have been lessened. The market efficiency has improved significantly.
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AVR Test Results
The period from 2006 to 2008 witnessed the peak of AVR statistics, which marked the most inefficient period of HSX. It is worth noting that, during this period, Vietnam was severely impacted by the global financial crisis, with VN-INDEX dropped from more than 70% in just one year. Investors heavily relied on the majority to make trading decisions instead of on the available market information. Not until 2008 did the AVR test statistics drop to the normal level (i.e., within the confidence interval), meaning the market achieved efficiency. This behavior is in line with Kim et al.'s (2011) finding that market efficiency hit bottom in the event of a market crisis and reached its peak when the market crashed.
During the 2008-2010 period, the AVR test statistics were generally greater than the upper bound but not by a large amount. This implies that the market retrieved its stability, but was still considered inefficient, which is likely due to the lasting effect of the financial crisis.
In the first few months of 2011, the AVR statistics continued to drop to nearly zero. This happened at the same time with the global financial crisis, which resulted from the government debt crisis in Greece. This behavior, once again, validates the finding of Kim et al. (2011) . More importantly, the impact of the succeeding crisis was not as strong as the preceding one, most probably because investors were becoming better informed and cautious in trading activities. In fact, the herd mentality In the first few months of 2011, the AVR statistics continued to drop to nearly zero. This happened at the same time with the global financial crisis, which resulted from the government debt crisis in Greece. This behavior, once again, validates the finding of Kim et al. (2011) . More importantly, the impact of the succeeding crisis was not as strong as the preceding one, most probably because investors were becoming better informed and cautious in trading activities. In fact, the herd mentality in 2011 was much less serious in 2007, as the market capitalization only increased by 140% in 2010 in comparison with an increase of 1100% in 2006. This further proves the adaptive nature of the market, which is also an important implication of the AMH theory.
From 2012 until recently, the AVR statistics have stayed within the confidence interval most of the time. The AVR statistics occasionally crossed the upper bound and went up (at the beginning of 2018, with an expectation of increasing risk level due to the worsening U.S-China trade war, interest hike and quantitative tightening), nevertheless, the test statistics have never been too far off the band and quickly reverted in a short period of time. It can be concluded that while HSX may not be fully efficient, it has improved substantially in such regard.
The AVR test statistics of HNX are demonstrated in Figure 4 below: In the first post-creation years, the AVR test statistics at HNX had been remarkably high, which is likely to result from the market inefficiency and the negative effect of the financial crisis in 2007 and 2011. From 2011 onwards, the AVR test statistics in HNX gained stability and have been highly correlated with the test statistics in HSX. This suggests that the market efficiency of HNX, despite the market's most recent formation, has experienced periods of efficiency and inefficiency although it has been dependent on market conditions.
In conclusion, according to the AVR test statistics, the market efficiency in both exchanges expressed the same behavior: It has been varying over time, with alternating periods of efficiency and periods of inefficiency. In addition, the study proves that market efficiency is affected by market conditions. In the first post-creation years, the AVR test statistics at HNX had been remarkably high, which is likely to result from the market inefficiency and the negative effect of the financial crisis in 2007 and 2011. From 2011 onwards, the AVR test statistics in HNX gained stability and have been highly correlated with the test statistics in HSX. This suggests that the market efficiency of HNX, despite the market's most recent formation, has experienced periods of efficiency and inefficiency although it has been dependent on market conditions.
AP Test Results
In conclusion, according to the AVR test statistics, the market efficiency in both exchanges expressed the same behavior: It has been varying over time, with alternating periods of efficiency and periods of inefficiency. In addition, the study proves that market efficiency is affected by market conditions.
The purpose of the AP test is to solidify the AVR test results and to make sure that no positive and negative correlations are canceled out. The AP test results of HSX and HNX are illustrated in Figures 5 and 6 The results are highly consistent with the AVR test results, which implies that no correlations with the opposites canceled out each other. The AP results also confirm the AMH theory in the case of the Vietnamese stock market.
The GS Test Statistics
The GS test statistics are utilized to detect the non-linear relationship within time series data. The p-values of GS test results of HSX and HNX are presented in Figures 7 and 8 , with the red line being the p-values and the black dotted line being the 5% significance level. The results are highly consistent with the AVR test results, which implies that no correlations with the opposites canceled out each other. The AP results also confirm the AMH theory in the case of the Vietnamese stock market.
The GS test statistics are utilized to detect the non-linear relationship within time series data. The results are highly consistent with the AVR test results, which implies that no correlations with the opposites canceled out each other. The AP results also confirm the AMH theory in the case of the Vietnamese stock market.
The GS test statistics are utilized to detect the non-linear relationship within time series data. The p-values of GS test results of HSX and HNX are presented in Figures 7 and 8 , with the red line being the p-values and the black dotted line being the 5% significance level. The p-values of the GS test results indicate that market efficiency has undergone many alternating periods of efficiency and inefficiency. The test also reveals a few periods of inefficiency that were omitted in the previous two tests, implying the existence of significant non-linear autocorrelations in stock prices.
The line representing the GS test p-value might look different from the line representing the AVR test statistics and the AP test statistics. This is mainly due to the fact that market efficiency is indicated by lower test statistics in the AVR test and AP test; meanwhile, it is indicated by a higher p-value in the GS test.Therefore, the GS test resultsis still considered to be highly consistent with the previous tests, which confirm the AMH theory in the Vietnamese stock market.
The TV-AR Approach
The degree of market efficiency MEt obtained from this approach is presented in Figures 9 and 10, with the red line being the value of MEt and the black dotted line being the 5% significance level. The p-values of the GS test results indicate that market efficiency has undergone many alternating periods of efficiency and inefficiency. The test also reveals a few periods of inefficiency that were omitted in the previous two tests, implying the existence of significant non-linear autocorrelations in stock prices.
The degree of market efficiency ME t obtained from this approach is presented in Figures 9 and 10 , with the red line being the value of ME t and the black dotted line being the 5% significance level. It can be observed that the results of the TV-AR are highly consistent with the other battery of autocorrelation tests. This serves as a validation for the battery of autocorrelation tests, that the results of the autocorrelation tests are robust and the conclusions remain consistent with a different approach.
Limitations and Suggestions
The most significant drawback of this research paper is that the second criterion proposed by Lim and Brooks (2011) , i.e., the market efficiency should be dependent on market conditions, was only assessed qualitatively. This qualitative approach was selected due to the fact that the Vietnamese market had only undergone one brief period of stock market bubble-induced crisis, and therefore it impossible to form a large enough sample for a statistically meaningful analysis. Our future research will expand to cover further analysis using Bayesian network modeling with the R package Bayes VL (Vuong and La 2019) As a qualitative assessment might suffer from the subjective opinion of the authors, the paper cannot provide a strong argument for that matter.
Our recommended workaround for this drawback is to pool a large sample of stock indices, including the Vietnamese stock indices and other comparable indices from other countries which are similar to Vietnam. The data should be collected in the form of panel data, so the data in relation to market conditions can be large enough to provide a correct inference. This approach requires that researchers have the sound knowledge of the Vietnamese stock market and the stock markets in similar countries, and that the selected approach should be compatible with panel data. It can be observed that the results of the TV-AR are highly consistent with the other battery of autocorrelation tests. This serves as a validation for the battery of autocorrelation tests, that the results of the autocorrelation tests are robust and the conclusions remain consistent with a different approach.
Our recommended workaround for this drawback is to pool a large sample of stock indices, including the Vietnamese stock indices and other comparable indices from other countries which are similar to Vietnam. The data should be collected in the form of panel data, so the data in relation to market conditions can be large enough to provide a correct inference. This approach requires that researchers have the sound knowledge of the Vietnamese stock market and the stock markets in similar countries, and that the selected approach should be compatible with panel data.
Conclusions
This paper aims to examine the AMH theory in the Vietnamese stock market through a battery of autocorrelation tests, namely the AVR test, the AP test, and the GS test, and a time-varying autoregressive approach. The rolling window method is used with the fixed 2-year window length.
The AVR test, the primary testing method of this paper results in different times of efficiency and inefficiency, with the strongest AVR statistics in the crisis period 2007-2008 in Vietnam. There were consequent signals of inefficiency afterward, but the level was decreasing over time, consistent with the AMH. Test results are in general identical between HSX and HNX.
In order to eliminate the effect of signs, the AP test which relies on the squared correlation coefficients is employed. The outcome of AP test shows consistency with the AVR test, rejecting the effect of signs offsetting.
The non-linear relationship which cannot be detected by linear tests is examined by the GS test, and despite having similar results to the aforementioned tests, it does show some inefficiencies which are missed by linear testing methods.
Aside from the battery of statistical tests, we have also fitted a TV-AR model, which serves as an alternative approach and a robustness check for the testing results. In the TV-AR model, the deviation of coefficients is the proxy for the degree of market inefficiency. Accordingly, we have found that the result of the TV-AR approach is highly consistent with the result of the other approach. The result shows that the market inefficiency peaked and dropped in the period 2006-2008 and 2011, similar to the findings in the battery of autocorrelation tests.
The main implications of the tests are summarized below: Evidence of market inefficiency is significant in financial crises, i.e., the period 2006-2007 and 2011, followed by a normalization phase when the market crashed andmarket efficiency was back to normal. This behavior is found to be consistent with those in the study conducted by Kim et al. (2011) , which discovered that the market efficiency slumped in the event of financial crises and peaked when the market crashed.
Moreover, we also found that the impact of the financial crisis in 2011 was less severe than that of the financial crisis in 2007, which is likely due to an increase in investors' rationality. In other words, there is evidence suggesting that market behaviors have gradually improved-which is a critical implication of AMH theory.
In conclusion, as the Vietnamese stock market efficiency are both varying over time and influenced by the market conditions, it is concluded that the behavior of the Vietnamese stock market is in line with the adaptive market hypothesis. 
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